Background and aims-One form of epithelial cell injury in inflamed colonic mucosa in ulcerative colitis (UC) is reported to involve apoptosis of these cells. Bcl-2 family proteins Bax and Bcl-2 are the major regulators of apoptosis. The aim of this study was to elucidate the involvement of the Bax/Bcl-2 system in induction of apoptosis of the inflamed colonic epithelium in UC. Methods-Colonic epithelium was isolated from colonic biopsy specimens. Expression of CD95, Bax, Bcl-xL, and Bcl-2 proteins was determined by western blotting. Bax gene expression was assessed by both reverse transcription-polymerase chain reaction (RT-PCR) followed by Southern hybridisation and a real time PCR assay. Results-Equal levels of expression of CD95, Bcl-xL, and Bcl-2 proteins were noted in normal and UC colonic epithelia. Equal levels of expression of Bax protein and mRNA were noted in epithelia of normal colon and inactive UC. Levels of expression of Bax protein and mRNA were markedly reduced in inflamed UC colonic epithelium. Conclusions-Our study showed for the first time downregulation of Bax in inflamed colonic epithelium of UC. The Bax/Bcl-2 system did not seem to be involved in induction of apoptosis of epithelial cells in the inflamed colonic mucosa of UC. (Gut 2000;47:228-235) 
Ulcerative colitis (UC) is characterised by chronic inflammation of the colonic mucosa. The exact pathogenic mechanism of UC is still unclear. Permeability of colonic mucosa is thought to be increased in inflammatory bowel disease (IBD). [1] [2] [3] A breakdown of the epithelial barrier in UC may facilitate invasion of pathogenic microorganisms, potentially leading to chronic inflammation of the colonic mucosa. Several mechanisms have been proposed to explain epithelial damage in inflamed colonic mucosa, such as CD95-CD95L induced apoptosis of crypt epithelial cells. 4 5 Other known inducers or mediators of apoptosis are the perforin-granzyme system, 6 tumour necrosis factor (TNF-) , 7 and nitric oxide (NO). 8 Recently, various cytokine receptors including interleukin (IL)-1 , IL-6, TNF-, and granulocyte macrophage-colony stimulating factor have been identified on the surface of colonic epithelium. 1 9 These new findings suggest that many factors could influence apoptosis of crypt epithelial cells in inflamed colonic mucosa in UC.
The Bcl-2 family of proteins are major regulators of the cell death programme. 10 Bcl-2 and Bcl-xL can inhibit apoptosis induced by active caspases and promote cell survival. [11] [12] [13] In contrast, the proapoptotic protein Bax homodimerises or heterodimerises with Bcl-2 to counter its antiapoptotic eVect. 14 Bax induces apoptosis by acting on mitochondria and regulating caspase activity. [15] [16] [17] Furthermore, the ratio of Bcl-2 to Bax determines survival or death following apoptotic stimulation. 14 In the normal colon of mice, Krajewski and colleagues 18 reported intense Bax immunostaining in surface epithelial cells compared with the bases of the colonic crypts, whereas Bcl-2 immunostaining was more prominent in epithelial cells located in the bases of the crypts. The reciprocal pattern of Bax and Bcl-2 expression in the colonic epithelium is consistent with the patterns of epithelial cell selfrenewal and death in the colon. 19 In the inflamed colonic mucosa of UC, it is conceivable that mediators known to cause epithelial cell injury such as NO could damage the DNA of epithelial cells and then induce p53 expression. p53 upregulates Bax and downregulates Bcl-2. 20 21 p53 induced apoptosis through regulation of the Bax/Bcl-2 system may be one form of epithelial cell injury in UC. However, little is known of the patterns of Bax and Bcl-2 expression in the colonic epithelium of UC.
In the present study, we investigated the role of the Bax/Bcl-2 system in induction of apoptosis of inflamed colonic epithelial cells. For this purpose, we determined expression of Bax, Bcl-2, CD95, and Bcl-xL in inflamed and non-inflamed colonic epithelia of UC and normal colonic epithelium.
Patients and methods

PATIENTS AND TISSUES
Colonic biopsy specimens were obtained by endoscopy from 20 patients with UC (in three patients with UC, colonic biopsy specimens were obtained at diVerent times during the active and inactive phases of the disease) and Abbreviations used in this paper: UC, ulcerative colitis; IBD, inflammatory bowel disease; NO, nitric oxide; TNF-, tumour necrosis factor ; IL, interleukin; IFN-, interferon ; SIN-1, 3-morpholinosydnonimine; RT-PCR, reverse transcription-polymerase chain reaction, Et-Br; ethidium bromide; mAb, monoclonal antibody, hr; human recombinant; GAPDH; glyceraldehyde-3-phosphate dehydrogenase; PBS, phosphate buVered saline; BSA, bovine serum albumin; NF-B, nuclear factor B.
10 normal controls (table 1). The diagnosis of UC was based on established endoscopic and histological criteria. 22 Inactive UC represented cases with endoscopically healed areas and tissue specimens featuring crypt atrophy or distortion with no neutrophil infiltration. In contrast, active UC represented cases with endoscopically inflamed areas of low to moderate grade (increased granularity and friability of the mucosa) and areas of erosion or ulceration were excluded. Histological inflammatory activity was evaluated based on the degree of neutrophil infiltration according to Matts' grade 23 and grades 1 and 2 were classified as active in this study. We also examined biopsies of colonic epithelium obtained from patients with active Crohn's disease (n=5), inactive Crohn's disease (n=3), and ischaemic colitis (n=2) for relative amounts of Bax gene transcripts. Informed consent was obtained from all patients and normal controls (patients with colorectal cancer and polyps) before biopsy. The study was approved by the Institutional Review Committee for Research on Human Subjects. Demographic features of the patients and history of drug therapy up to the time of colonoscopy are summarised in table 1.
CELL LINE
The human colon cancer cell line (HT29) was obtained from the American Type Culture Collection (Rockville, Maryland, USA).
CYTOKINES AND REAGENTS
Recombinant human (rh) IL-1 , rhIL-6, rh interferon (rhIFN-), and rhTNF-were purchased from BIOSOURCE (Camarillo, California, USA). rhIL-4 was purchased from PharMingen (San Diego, California, USA), and 3-morpholinosydnonimine (SIN-1) from Sigma (St Louis, Missouri, USA).
ISOLATION OF COLONIC CRYPT AND SURFACE
EPITHELIUM
Colonic crypts and surface epithelia were isolated from colonic biopsy specimens in sheets consisting of both crypt and surface epithelium using the method described by Matsubara and colleagues 24 with minor modifications. Briefly, immediately after obtaining the colonic biopsy, the specimen was immersed in 10 ml of calcium/magnesium free Hank's balanced salt solution (Life Technologies, Gaithersburg, Maryland, USA) containing 30 mM EDTA and incubated at room temperature for 30 minutes. After incubation, the colonic crypts and surface epithelia were isolated mechanically using fine needles by microscopy. The isolated epithelium was allowed to stabilise in cold RPMI 1640 medium on ice and used to extract RNA and protein. That the isolated samples contained only crypt and surface epithelium was demonstrated morphologically using light microscopy, and by haematoxylin and eosin staining of histological sections.
IMMUNOHISTOCHEMISTRY
Biopsy specimens were partially fixed with 4% neutral formalin immediately after harvesting. Formalin fixed materials were embedded in paraYn using standard procedures. DeparaYnised and rehydrated sections were immersed in 0.01 M citrate buVer (pH 6.0) and autoclaved at 121°C for 10 minutes for antigen retrieval of Bax and Bcl-2 proteins. In the next step, sections were immersed in 0.3% H 2 O 2 in methanol and then preincubated with 0.5 µg/ml of normal rabbit IgG (for Bax staining) or normal mouse IgG (for Bcl-2 staining) in 1% bovine serum albumin (BSA)/phosphate buVered saline (PBS) for one hour. Sections were reacted with rabbit anti-Bax antibody (P-19) (1:200; Santa Cruz Biotechnology, Santa Cruz, California, USA) or mouse anti-Bcl-2 antibody (Bcl-2-100) (1:200; Santa Cruz Biotechnology) diluted with 1% BSA/ PBS overnight at 4°C. After washing three times for 10 minutes each with 0.075% Brij 35/PBS, the binding sites of the primary antibody were visualised using a biotinstreptavidin peroxidase system (Santa Cruz Biotechnology).
WESTERN BLOT ANALYSIS
Epithelial tissues isolated from normal and UC colonic mucosa were assayed for Bax, Bcl-2, Bcl-xL, CD95, and -actin. The lysis buVer used to extract protein from colonic epithelium was 10 mM PIPES (pH 6.8) supplemented with 100 mM NaCl, 5 mM MgCl 2 , 300 mM sucrose, 5 mM EGTA, 1% Triton X 100, 0.2 mM sodium orthovanadate (Sigma), 0.2 mM AEBSF (Calbiochem Co., La Jolla, California, USA), 1 µg/ml aprotinin (Calbiochem), 1 mM benzamidine (Sigma), 10 µg/ml leupeptin (Calbiochem), and 10 µg/ml pepstatin (Calbiochem). Equal amounts of protein (20 µg) from each epithelial or HT29 cell lysate were loaded onto 15% sodium dodecyl sulphate-polyacrylamide gels and electrophoresed. The separated proteins were then transferred to a polyvinylidene fluoride membrane (Immobilon-P; Millipore Corp., Bedford, Massachusetts, USA). For analysis of Bax expression, the membrane was stained with rabbit anti-Bax antibody (P-19; Santa Cruz Biotechnology). The same membrane used to analyse Bax expression was sequentially reprobed for analysis of Bcl-2, -actin, Bcl-xL, and CD95 expression in this order, according to the instructions provided by the manufacturer (ECL western blotting protocols; Amersham Life Science, Buckinghamshire, UK). Other primary antibodies used for western 
RT-PCR AND SOUTHERN HYBRIDISATION
Total RNA was extracted from the isolated colonic epithelium as described previously. 25 Reverse transcription (RT) of extracted RNA (500 ng) was performed using RNase H-deficient reverse transcriptase (Superscript II, Life Technologies, Gaithersburg, Maryland, USA) and oligo(dT) primers (Life Technologies). Aliquots (2 µl) of diluted RT reaction mixture (40 µl) were used for PCR. The primer set used to amplify Bax was: 5'-AGGG TTTCATCCAGGATCGAGCAG-3' for 5' primer and 5'-ATCTTCTTCCAGATGGT GAGCGAG-3' for 3' primer. The primer set used to amplify -actin was: 5'-ACTA CCTCATGAAGATCCTCA-3' for 5' primer and 5'-CAGGAGGAGCAATGATCTTGA-3' for 3' primer. The cycling conditions for Bax cDNA amplification were 94°C for one minute, 60°C for one minute, and 72°C for two minutes for 38 cycles. The length of the RT-PCR product for Bax was 588 bp. The cycling conditions for -actin cDNA amplification were 94°C for one minute, 60°C for one minute, and 72°C for two minutes for 30 cycles. Southern hybridisation was used to increase the sensitivity and specificity of detecting amplified Bax and -actin PCR products. Briefly, aliquots (10 µl) of PCR reaction mixture (100 µl) were run on a 1.5% agarose gel and the separated PCR products were alkali denatured and capillary transferred onto a positively charged nylon membrane (Hybond-N+, Amersham). EcoRI fragment (800 bp) of pSKmBax containing the mouse Bax cDNA coding region (a generous gift from Dr Y Kuchino, National Cancer Centre Research Institute, Tokyo, Japan) and subcloned (pSKhbAct) human -actin cDNA fragment (400 bp) were used as hybridisation probes after labelling with alkaline phosphatase in conjunction with chemiluminescent detection of hybridised probes with the AlkPhos DIRECT kit based on the instructions provided by the manufacturer (Amersham). Homology between mouse and human Bax cDNA was about 90% by basic BLAST search and the use of mouse Bax cDNA for hybridisation of human Bax was justified to confirm the specific binding of this probe to 588 bp human Bax PCR products and not to human Bcl-2 and Bcl-xL PCR products. Using diluted EcoRI fragment of pSKmBax and diluted -actin cDNA fragment as templates, we then determined the sensitivity of PCR followed by Southern hybridisation. Using this method, 10 -3 fg (femtograms) of Bax and -actin templates were detected as a single intense band. Compared with the single RT-PCR method with ethidium bromide (Et-Br) staining, the RT-PCR method followed by Southern hybridisation was at least 1000-fold more sensitive.
REAL TIME QUANTITATIVE PCR WITH FLUOROGENIC PROBES
Total RNA was extracted as previously described 25 from the isolated specimen of colonic epithelium. Reverse transcription of extracted RNA (500 ng) was performed using RNase H-deficient reverse transcriptase (Superscript II, Life Technologies) and oligo(dT) primers (Life Technologies). Aliquots (2 µl) of diluted RT reaction mixture (200 µl) were used for quantitation of Bax and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene expression by real time PCR assay. The primer set used to amplify Bax was: 5'-TGG AGCTGCAGAGGATGATTG-3' for 5' primer and 5'-GAAGTTGCCGTCAGAAAACATG-3' for 3' primer. The primer set used to amplify GAPDH was: 5'-GAAGGTGAAGGTCGGA GTC-3' for 5' primer and 5'-GAAGATGG TGATGGGATTTC-3' for 3' primer. The FAM conjugated fluorogenic probe used to quantify Bax gene expression was: 5'-FAM-AGAGG TCTTTTTCCGAGTGGCAGCTG-3' with a sequence located between the PCR primers. The JOE conjugated fluorogenic probe used to quantify GAPDH gene expression was: 5'-JOE-CAAGCTTCCCGTTCTCAGCC-3' with a sequence located between the PCR primers. The fluorogenic probes were synthesised by PE Applied Biosystems (Foster City, California, USA). The PCR reaction was performed using the Taq-Man PCR kit (PE Applied Biosystems) as previously described. 26 Following activation of the AmpliTaq Gold (PE Applied Biosystems) for 10 minute at 95°C, 35 cycles of 15 seconds at 95°C and one minute at 62°C were carried out by a model 7700 Sequence Detector (PE Applied Biosystems). Real time fluorescence measurements were taken and a threshold cycle (C T ) value for each sample was calculated by determining the point at which the fluorescence intensity exceeded a threshold limit (10 times the standard deviation of the baseline) by a model 7700 Sequence Detector. 27 For Bax, a standard curve of the C T values obtained from serially diluted pSKmBax was constructed. The C T values for Bax transcripts from clinical specimens were plotted on the standard curve, and the amounts (fg) of Bax transcripts were calculated automatically by Sequence Detector version 1.6 (PE Applied Biosystems), a software package for data analysis. The amounts (fg) are shown as the amount of Bax transcripts and not as the amount of plasmid (pSKmBax). For GAPDH, a standard curve of C T values obtained from serially diluted standard samples (stocked RT reaction mixture from colonic biopsy specimens) was constructed. The C T values for GAPDH transcripts from clinical specimens were plotted on the standard curve, and the relative amounts of GAPDH transcripts to the standard sample were calculated automatically by Sequence Detector version 1.6. Mean C T for GAPDH transcripts of the standard sample was 25.6 and this value was used for standardisation of clinical specimens. Real time quantitative PCR of all samples was performed at the same time with the same 96 well plate. Each sample was tested in duplicate, and the average of the two values was used for calculation. The variability between the two values of the samples was almost zero. After standardisation, the amount of Bax transcript (fg) was expressed relative to that of GAPDH (C T =25.6). Samples were defined as negative if C T values exceeded 35 cycles. Group data were expressed as mean (SD) and diVerences in transcript levels between groups were analysed by Student's t test. A p value less than 5% was considered significant.
FLOW CYTOMETRIC ANALYSIS
The isolated epithelial sheets were incubated with 1000 U/ml of dispase (Godo Syusei, Tokyo) in RPMI 1640 at 37°C for 40 minutes. The dispersed cells were washed twice with RPMI1640 supplemented with 5% fetal calf serum and then incubated with FITC conjugated anti-CD3 mAb (Becton Dickinson, Mountain View, California, USA) at 4°C for 30 minutes. Stained cells were washed twice with PBS containing 1% fetal calf serum at 4°C, fixed with 1% paraformaldehyde in PBS, and analysed by FACScan (Becton Dickinson).
Results
IMMUNOHISTOCHEMICAL DETECTION OF Bax AND Bcl-2 IN NORMAL COLONIC EPITHELIUM AND UC
In colonic epithelium samples obtained from active lesions of UC and control subjects, Bcl-2 immunoreactivity was strongest in the bases of crypts while it tended to be weaker in epithelial cells that had migrated upwards towards the luminal surface. Epithelial cells on the luminal surface were almost free of Bcl-2 staining ( fig  1A, 1C) . Thus the pattern and intensity of Bcl-2 immunoreactivity in colonic epithelium of active UC were not diVerent from those of normal colonic epithelium.
In normal colonic epithelium, Bax immunoreactivity was confined to the areas of colonic epithelial cells on the luminal surface while epithelial cells in the lower two thirds of the crypts were negative for Bax (fig 1B) . In actively inflamed colonic mucosa of UC, Bax immunoreactivity was obscure both in epithelial cells on the luminal surface and in epithelial cells of the whole crypts ( fig 1D) . However, because of the poor signal to noise ratio and high background, we were unable to confirm the absence of Bax expression in the colonic epithelium in active lesions of UC solely by immunohistochemical detection of Bax.
ISOLATION OF CRYPT AND SURFACE EPITHELIUM FROM COLONIC BIOPSY SPECIMENS
It is important to examine Bax expression at both the protein and mRNA levels using reliable methods. For this purpose, we isolated single sheets of whole crypt and surface epithelium from colonic biopsy specimens and examined them morphologically and microscopically after haematoxylin and eosin staining. Figure 2 shows representative samples of isolated whole crypt and surface epithelium from normal (A, B), active (C, D), and inactive UC (E, F) colonic biopsy specimens. Photomi-
Figure 1 Immunohistochemical detection of Bcl-2 and Bax proteins in control and active ulcerative colitis (UC) colonic epithelium. Normal (A and B) and active UC (C and D) colonic mucosa samples were stained for Bcl-2 (A and C) or Bax (B and D). Note expression of Bcl-2 in the lower half of the crypt epithelium in normal (A) and active UC (C) colonic mucosa. Bax expression is confined to the surface epithelium in the normal colonic mucosa (B). Bax staining is obscure in colonic epithelium in active UC (D) (original magnification ×100).
crographs and histological sections showed that the isolated crypts and surface epithelia were free of non-epithelial elements in all specimens. Dispersed cells from the isolated crypts and surface epithelium were used for staining of CD3 and for flow cytometric analysis. The population of contaminated CD3 positive cells was about 3% of the isolated epithelium in all specimens (data not shown).
IMMUNOBLOT ANALYSIS OF Bax, Bcl-2, Bcl-XL, AND
CD95 EXPRESSION IN COLONIC EPITHELIUM
Whole cell lysates of colonic epithelium isolated from normal, active, and inactive UC colonic biopsy specimens were probed with the appropriate antibody to compare Bax, Bcl-2, Bcl-xL, and CD95 protein levels in these samples by immunoblot analysis (fig 3) . No bands of Bax protein were detectable in any sample of active UC (n=11) while one major band of Bax was detected in each sample of normal (n=10) and inactive UC (n=8). In contrast with Bax, bands of equal intensity for Bcl-2, Bcl-xL, CD95, and -actin were detected in all cases (fig 3) .
Bax mRNA LEVELS IN COLONIC EPITHELIUM OF UC AND CONTROL SUBJECTS
Bax protein expression was strongly reduced or negative in active UC but was evident in normal and inactive UC colonic epithelium ( fig  3) . To further confirm downregulation of Bax in active UC colonic epithelium, total RNA was extracted from colonic epithelium specimens of normal, active, and inactive UC. Bax mRNA expression was examined by RT-PCR followed by Southern hybridisation using mouse Bax cDNA as a probe. -actin mRNA expression was examined as an internal control by RT-PCR followed by Southern hybridisation using human -actin cDNA fragment as a probe (fig 4A, B) . In four of five cases with active UC (case Nos 1, 2, 4 and 5; fig 4A) , no bands of Bax transcripts were detected in extracted RNA of colonic epithelium. In the remaining case, a low intensity Bax band was identified (case No 3; fig 4A) . In contrast, intense bands of Bax transcripts were detected in all seven normal and in all five inactive UC cases (fig 4A, 4B) . In all samples, including those from active UC, intense bands of -actin transcripts were detectable (fig 4A, B) . Downregulation of Bax gene expression observed in active UC was further examined by real time PCR assay. In these assays the relative amounts of Bax gene transcripts were quantified in normal (n=6), inactive (n=8), and active UC (n=15) colonic epithelia, using GAPDH gene transcripts as internal control for standardisation ( fig 4C) . The C T values of GAPDH gene transcripts of colonic epithelium in each group were 26.0 (1.1) in normal, 25.3 (1.9) in inactive UC, and 24.6 (2.3) in active UC. There were no significant diVerences in C T values of GAPDH gene transcripts between the groups. The relative amounts of Bax gene transcripts (fg/GAPDH (C T =25.6)) of colonic epithelium in each group were 32.4 (12.0) in normal, 34.4 (19.6) in inactive UC, and 1.5 (3.1) in active UC, and the relative amount of Bax gene transcripts in active UC colonic epithelium was significantly lower than in other groups (active UC v normal, p<0.001; active UC v inactive UC, p<0.001). These results confirmed downregulation of Bax gene expression in the colonic epithelium of active UC.
Figure 2 Isolated surface and crypt epithelium from control, active, and inactive ulcerative colitis (UC) colonic biopsy specimens. Photomicrographs of isolated sheet of colonic epithelium (×20) (A, C, E) and histological sections of isolated colonic epithelium stained with haematoxylin and eosin (original magnification ×50) (B, D, F). The isolated epithelia from control (A, B), active (C, D), and inactive UC (E, F) colonic biopsy specimens were free of stromal elements that surround each crypt in vivo.
Figure 3 Detection of Bax, Bcl-2, Bcl-xL, CD95, and -actin proteins in epithelial tissues
We also compared the relative amounts of Bax gene transcripts (fg/GAPDH (C T =25.6)) in colonic epithelium of active UC with those in active Crohn's disease (n=5), inactive Crohn's disease (n=3), and ischaemic colitis (n=2). The relative amounts of Bax gene transcripts (fg/GAPDH (C T =25.6)) in colonic epithelium from the latter three groups were 1.3 (1.8), 18.5 (15.6), and 3.2 (2.6), respectively. These results suggest that downregulation of Bax gene expression in the colonic epithelium is not limited to active UC but is also present in active Crohn's disease and ischaemic colitis.
EFFECTS OF INFLAMMATORY CYTOKINES AND NITRIC OXIDE ON Bax EXPRESSION IN A COLONIC EPITHELIAL CELL LINE (HT29)
Finally, we examined if downregulation of Bax in active UC colonic mucosa was mediated by inflammatory mediators. For this purpose, we examined the eVects of various cytokines and NO on Bax expression in a colonic epithelial cell line (HT29) in vitro. HT29 cells (5×10 5 cells) were cultured with or without IL-1 (0.5, 2, and 10 ng/ml), IL-4 (5, 50, and 500 U/ml), IL-6 (1,10, and 100 ng/ml), TNF-(1,10, and 100 ng/ml), IFN-(0.1, 1, and 10 µg/ml), or SIN-1 (1, 10, and 100 mM) in 2 ml of RPMI 1640 containing 10% fetal calf serum for 12, 24, or 48 hours. Cells were harvested and whole cell lysates were obtained at 12, 24, and 48 hours of culture. Bax and -actin protein levels in lysates (20 µg) of cells cultured with or without various inflammatory mediators were determined by immunoblot analysis. We could not detect up or downregulation of Bax under any condition or culture period studied (fig 5 and data not shown).
Discussion
We have recently documented the abundant presence of apoptotic colonic epithelial cells in active UC by flow cytometric analysis and demonstrated that apoptosis of these cells was unlikely to be induced by the CD95/CD95L system (Iimura et al., unpublished results). Thus cell death mechanisms other than the CD95-CD95L system contribute to induction of apoptosis of colonic epithelial cells in active UC.
In UC there is increased NO synthesis and overexpression of inducible nitric oxide synthase in inflamed colonic mucosa. [28] [29] [30] NO causes oxidative damage and deamination of DNA, 31 32 which probably results in upregulation of p53. 33 Furthermore, immunohistochemical studies have demonstrated overexpression of p53 in areas of acute inflammation in UC. 34 p53 is a transcriptional modulator of Bax gene which promotes apoptosis, 20 and a p53 negative response element has been identified in the Bcl-2 gene. 35 Based on these findings we postulated that Bax induced apoptosis could be operative in inflamed colonic mucosa in UC. However, unexpectedly, we found a marked reduction in Bax expression at the protein and mRNA levels in the colonic epithelium of active UC.
It is possible that any loss of surface epithelial cells in active UC samples would reduce Bax protein and Bax transcripts in each preparation and consequently aVect the results of immunoblot analysis and RT-PCR. However, we confirmed the existence of surface epithelium in active UC samples in each preparation Figure 4 (A, B) (ng/ml) (U/ml) (ng/ml) (mM) (µg/ml) by morphological examination under the microscope and by haematoxylin and eosin staining of histological sections (fig 2) . Previous immunohistochemical studies have shown similar expression of CD95 protein in the epithelium of normal and active UC. 4 These results were also demonstrated in our study by immunoblotting; almost identical levels of CD95 protein were present in colonic epithelia of active UC and control specimens (fig 3) . In addition, there were no diVerences in the expression levels of Bcl-2, Bcl-xL, and -actin proteins between normal, inactive, and active UC colonic epithelia by immunoblotting ( fig  3) . Thus loss of surface epithelial cells in active UC samples is unlikely to have aVected the results of Bax immunoblotting and RT-PCR.
In the normal colon of mice, Krajewski and colleagues 18 showed more intense Bax immunostaining in surface epithelial cells than in the bases of the crypts, whereas Bcl-2 immunostaining was stronger in epithelial cells located in the bases of the crypts. In the present study, a reciprocal pattern of Bax and Bcl-2 expression in normal human colonic epithelium was observed immunohistochemically ( fig  1A, B) . In the normal colonic epithelium, columnar epithelial cells proliferate in the bottom of the crypts, migrate upwards along the crypts, and slough oV at the luminal surface. [36] [37] [38] Furthermore, surface epithelial cells are thought to undergo apoptosis prior to sloughing as many apoptotic bodies have been observed in these areas. 39 40 Because of the increased Bax to Bcl-2 protein ratio in normal colonic surface epithelium, it is conceivable to hypothesise that Bax may act as an inducer of apoptosis in surface epithelial cells. Thus Bax expression may be the consequence of the final diVerentiation of colonic epithelial cells and a reduction of its expression in colonic epithelial cells of active UC may reflect disordered diVerentiation of colonic epithelial cells in inflamed colonic mucosa of UC.
However, we also observed reduced expression of Bax in colonic epithelium of active Crohn's disease (n=5) and in non-IBD inflammatory controls (ischaemic colitis; n=2) by real time PCR assay, although the number of patients examined was very small. Thus reduced expression of Bax in inflamed colonic epithelium appeared not to be a primary event in UC but a secondary event related to the local inflammatory process. These results advance the hypothesis that Bax expression may be regulated by inflammatory mediators.
Previous studies have shown that colonic epithelial cells of active UC contain activated nuclear factor B (NF-B) which is an important regulator of proinflammatory cytokines and inhibitor of apoptosis. 41 42 This implies inflammatory cytokine involvement not only in inflammation associated with cell death but also in activation of cellular protection. For example, mucosal protective IL-1 receptor antagonist isoforms have been shown to be upregulated in native inflamed intestinal epithelial cells. 43 Taken together, these findings suggest that NF-B induced proteins may downregulate Bax gene expression in inflamed surface epithelial cells. Indeed, IL-6, the receptor of which is expressed on colonic epithelial cells, 9 was reported to downregulate Bax gene expression in myeloid leukaemic cells. 44 To determine if Bax downregulation in active UC colonic epithelium is secondary to the inflammatory process, we examined the eVects of various inflammatory mediators (IL-1 , IL-4, IL-6, TNF-, IFN-, and NO) on Bax expression of a colonic epithelial cell line (HT29) in vitro. Under all conditions studied we could not observe up or downregulation of Bax by any of the above mediators ( fig 5) . However, HT29 is a colon cancer cell line and thus may not reflect regulation of Bax expression in vivo. It is possible that Bax downregulation in colonic epithelium may be mediated by other mediators or by a combination of inflammatory mediators. Further studies are necessary to examine the mechanisms of Bax downregulation in inflamed colonic epithelium in UC.
In conclusion, we have demonstrated in the present study low expression of Bax both at the protein and mRNA levels in inflamed colonic epithelium of UC. Furthermore, apoptosis mediated by the Bax/Bcl-2 system was not operational in inflamed colonic epithelium in UC.
